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ABSTRACT. A study of sandstorms in the Loess Pla-
teau and neighbouring areas is based on observa-
tions of sandstorms and precipitation. Through anal-
ysis of the relationship between the mean annual
number of sandstorms and the mean annual precip-
itation, an original sandstorm zone and a secondary
high-frequency zone of sandstorms have been de-
fined. The latter is mainly formed as a result of hu-
man activities, such as vegetation destruction and
waste-land cultivation, and not because of climatic
change. The secondary sandstorm zone is located
350–500 km away from the original sandstorm zone,
reflecting the fact that the sandstorm zone in the
Loess Plateau area has shifted 350–500 km to the
southeast, in response to human impact. Some
abrupt change has been found in the area where the
mean annual precipitation is 270 mm, where the
original sandstorm zone ends and a secondary zone
of high-frequency sandstorms begins. This transi-
tion area can be regarded as an abnormally unstable
area. This study shows that destruction of the vege-
tation can cause changes in the environment similar
to those attributed to climatic change.
Key words: sandstorm, abrupt change, human activities, Loess
Plateau.
Introduction
A sandstorm (or duststorm, sand-dust storm) is de-
fined as conditions marked by strong winds and dust-
filled air over an extensive area. The international
convention for categorizing dust in the air is based on
a reduction in visibility. Reported visibilities of <1,
1–10 and >10 km are classified as representing a
duststorm, blowing dust and dust haze, respectively.
When the visibility is <500 m, it is classified as a dust
devil (China Central Meteorological Bureau 1979;
Middleton 1997).
A sandstorm is a weather phenomenon occurring
in arid and semi-arid climates that are near desert. It
is a geomorphologic process causing erosion and
dust transfer by wind. The occurrence of sandstorms
depends both on wind and on the land surface con-
ditions, the latter determining the resistance of sur-
face material to wind erosion and the condition of
material supply. Land surface conditions are strongly
modified by human activities; both the erosional re-
sistance and the surface material-supply conditions
vary with human-induced changes in land cover and
land use. Thus, the time–frequency and spatial dis-
tribution of sandstorms are closely related to human
activities. Much research has been done concerning
the cause of sandstorms and sandstorm-related dis-
asters (Zhang 1984; Tucker et al. 1991; Pye and
Tsoar 1991; Xia and Yang 1996; Fang et al. 1997; Shi
et al. 2000; Reynolds and Smith 2002; Wang et al.
2004). In particular, temporal and spatial variations
in sandstorms have been studied (Gao et al. 1997;
Sun et al. 2001; Zhou and Zhang 2003; Natsagdorj
et al. 2003). The factors that influence sandstorms
have been elucidated, including climate (Zhou
2001), atmospheric circulation (Ding et al. 2005),
Antarctic Oscillation (Fan and Wang 2004), vegeta-
tion (Zhou and Zhai 2004) and human activity
(Parungo et al. 1994; Xu 2006).
The spatial pattern of sandstorms is dynamic. Be-
cause of the increase of population with time, the ag-
ricultural area in the Yellow River basin and its adja-
cent areas expanded to the north, replacing the pre-
vious vegetation of steppe forest and steppe. In the
steppe area, grassland degraded due to overgrazing,
and land desertification occurred. Thus, the transi-
tional zone between desert and loess shifted to the
south. As a result, a large area of desertified land ap-
peared, of which the Maowusu Desert is the most
typical (Editorial Commission for Physical Geogra-
phy in China 1982).
Study area and data used
The present study considers the Loess Plateau re-
gion, including the Loess Plateau and its northern
neighbouring area bordered by the Yinshan Moun-
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tains (Yang and Yuan 1991) (Fig. 1). This region is
located in climates that range from arid to semi-arid
and sub-humid, with mean annual precipitation
ranging from 40 mm in the northwest to 700 mm in
the southeast. Desert occurs in the northwest part.
Going from the northwest to the southeast, the
desert gradually turns to patchy areas of sand-cov-
ered loess, sandy loess, typical loess and clayey
loess (Liu 1964). Again, as one moves from the
northwest to the southeast, the natural vegetation
types vary from arid desert, steppe, forest steppe to
deciduous forest (Yang and Yuan 1991). This re-
gion shows large gradients in natural conditions. In
the study area, there is desert and desertified land,
which supplies huge quantities of sand and dust
that forms sand-dust storms when wind erosion is
strong. In the downwind direction, there is a large
area affected by sand-dust storms that pass through.
Zhou (2001) studied the geographical distribution
of sand-dust storms in China using data from 1959
to 1998. He was able to identify two source and
high-frequency areas of sand-dust storms: one is
located in the Tarimu Basin and surrounding areas,
the other is in Alasan, Erdos and the eastern and
northern Hexi Corridor region. These two areas are
shown in Fig. 1 (labelled as A and B in the inset).
The southeast part of the latter area is located in the
Yellow River basin.
In natural conditions, precipitation is an important
control in the spatial distribution of sandstorms, as
precipitation determines vegetation type and there-
fore the erosional resistance of land surface to wind
erosion. Furthermore, precipitation-related soil
moisture content could also increase the resistance of
the soil to wind erosion. Records of annual precipi-
tation and mean annual sand-dust storm days for the
period 1950–1985 are provided by 250 county me-
teorological stations in the study area while popula-
tion data have been provided by county statistical bu-
reaus. The occurrence of sandstorms is usually de-
scribed by their frequency, i.e. the number of days of
sandstorm per year at a given station.
Results
Original and secondary sandstorm zones
Based on the records mentioned above for the pe-
riod 1950–1985, the mean annual number of sand-
storm days (Dss) has been plotted against the mean
annual precipitation (Pm) in Fig. 2. It should be
pointed out that a dry climate with strong wind is
a necessary condition for the formation of sand-
storms, but is not sufficient alone. If the surface ma-
terial is bedrock rather than highly erodible Qua-
ternary deposits, sandstorms cannot form at all.
Thus, these areas are excluded when plotting Fig. 2.
Fig. 1. Location of study area. The dashed lines are boundaries between different climatic regions: AR, arid; SA, semi-arid; SH, sub-
humid; H, humid. In the inset map, A is the source and high-frequency area of sand-dust storms located in the Tarimu Basin and sur-
rounding areas, B is the source and high-frequency area of sand-dust storms located in Alasan, Erdos and the eastern and northern Hexi
Corridor region
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Although the points are scattered, an approxia-
mate tendency for a decrease in Dss can be seen
when Pm increases. To show the areal difference in
this relationship, all points are divided into three
groups: (1) Pm < 270 mm; (2) Pm > 270 mm and
Dss > 5 day/year; (3) Pm > 270 mm and Dss < 5 day/
year. When the points of the three groups are rep-
resented by different symbols, linear belts can be
identified. The best fit lines (A, B and C, respec-
tively) have been calculated for these linear belts.
The straight line A represents the arid zone with
a mean annual precipitation lower than 270 mm, or
the original sandstorm zone. Here the occurrence
of sandstorms depends mainly on natural arid cli-
mate. Line A shows that the mean annual number
of days with sandstorms decreases sharply with an
increasing mean annual precipitation. In this range
of annual precipitation, the increase in precipita-
tion may lead to changes from moving aeolian sand
dunes, to semi-fixed sand dunes, to fixed sand
dunes to steppe without sand dunes. In this se-
quence, the increased precipitation forces an in-
crease in the erosional resistance of surface mate-
rial to wind, and thus the frequency of sandstorms
declines.
The straight line B represents the area in which
the mean annual precipitation is greater than 270
mm and the mean annual number of days with
sandstorms is more than 5 days. In natural condi-
tions and before any disturbance by human beings
took place, this area was not located in the high-fre-
quency zone of sandstorms. As the natural condi-
tions are fragile and sensitive to human disturbanc-
es, such as overgrazing and waste-land cultivation,
this area, originally lacking sandstorms, has be-
come a high-frequency area of sandstorms. Thus,
this area is defined as a ‘secondary sandstorm zone’
in this article. Also, in this area, a distinct decreas-
ing trend in mean annual sandstorm days with an-
nual precipitation can be seen.
The straight line C represents the area in which
the mean annual precipitation is greater than 270
mm and the mean annual number of days with
sandstorms is less than 5. This area is dominated by
semi-arid and sub-humid climates, where the fre-
quency of sandstorms is low. Thus, it is regarded as
a low-frequency zone of sandstorms.
An abrupt change from the lowest end of the
original sandstorm zone (A) to the highest end of
the secondary high-frequency zone of sandstorms
(B) can be seen in Fig. 2. This indicates that the
transitional zone around the mean annual precipi-
tation of 270 mm is an abnormally unstable zone.
This abrupt change reflects a catastrophic or abrupt
change in the geomorphic system that is caused by
human activities. The mechanism for this may be
explained as follows.
As pointed out earlier, changes ranging from
moving sand dunes, semi-fixed sand dunes, fixed
sand dunes to steppe can be observed, for the points
in belt A (Fig. 2) with the increase in mean annual
precipitation. For this order of landforms, the re-
sistance of surface material to wind erosion in-
creases, and thus the mean number of annual sand-
storm days declines. However, in a steppe area with
a mean annual precipitation around 270 mm, where
vegetation has been destroyed by humans through
overgrazing and reclaiming waste-land etc., soil
Fig. 2. The relationship between
the mean annual number of sand-
storm days and mean annual pre-
cipitation. Three belts can be iden-
tified: A is the original sandstorm
zone, B is the secondary sandstorm
zone, C is the low-frequency sand-
storm zone
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may become exposed to strong winds, and serious
wind erosion and land desertification can occur.
Previously existing semi-fixed or fixed sand dunes
may be activated and become moving dunes again.
As a result, the frequency of sandstorms may
abruptly increase; the mean annual number of
sandstorms may jump from the lowest end of line
A to the highest end of line B. In line B, the soil
moisture increases with an increase in mean annual
precipitation and the vegetation becomes richer,
leading to a higher resistance of surface material to
wind erosion. Hence, the mean annual number of
sandstorms declines rapidly.
It can be seen from the above that the abnormally
unstable area represented by the jump from line A
to line B is highly sensitive to human disturbance,
and the land degradation resulting from human ac-
tivities is most serious. Therefore, this area should
be taken as a key area in mitigation of land degra-
dation and sandstorms.
The abrupt change from the original to the sec-
ondary zones of sand-dust storms can also be ex-
plained by the interactions between precipitation,
vegetation and human activities. To further analyse
the condition of ‘natural’ vegetation, we use the in-
dex of potential vegetation biomass, i.e. Net prima-
ry productivity (NPP in t/ha/year). Several studies
estimating NPP have been made in the Loess Plateau
region. For example, Zhu (1993) proposed a modi-
fied method to estimate NPP, and calculated the NPP
values for each county in this area. His results are
used in the present study. The intensity of human ac-
tivities is indexed by population density (Dp), also
on a county basis. Figure 3 shows the variations in
NPP and Dp with annual precipitation (Pm), where
the best fitted line for NPP and the upper envelope
for Dp are shown. When Pm is smaller than 200 mm,
NPP is low and does not increase with Pm; when Pm
becomes larger than 200 mm, NPP increases rapidly.
Thus, Pm = 200 mm is a turning point in the NPP –
Pm curve. When Pm is increased further to 440 mm,
another turning point appears, which may be regard-
ed as a transition in natural vegetation types from
steppe to forest. The envelope line for Dp is fitted in
Fig. 3, where two turning points can be seen, at Pm
= 300 mm and Pm = 440 mm.
If there is no human disturbance, when Pm ex-
ceeds 200 mm, moving sand dunes would become
either semi-fixed or fixed due to increased protection
by the vegetation. Thus, wind erosion may become
weaker, and the frequency of sand-dust storms lower.
The first increase in population density begins at 300
mm of mean annual precipitation. An increase in the
population density of some counties may well be
high enough to destroy the slight vegetation cover in
this precipitation range, and thus a high number of
sandstorm days would occur (line B in Fig. 2). When
Pm is larger than 440 mm, the vegetation type chang-
es from steppe to forest, thus providing greater pro-
tection of the land surface. However, in the mean-
time, Dp increases more rapidly with Pm, which
means that there might be an increase of human dis-
turbance. The former factor would decrease the fre-
quency of sandstorms, but the latter would increase
it. Probably, the influence of the former exceeds that
of the latter, and thus the annual number of sand-
storm days declines.
To study further the cause of the abrupt change
between lines A and B, the occurrence of sand-
storms is related to land desertification. Based on
the 1:500 000 satellite images made in 1986, land
desertification in 38 counties in the surrounding
Fig. 3. Variations in net primary
productivity (NPP) and population
density (Dp) with annual precipita-
tion (Pm). The best fitted line for
NPP is shown, which coincides
with the upper envelope for Dp
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area of the Erdos Plateau was investigated (Xia and
Yang et al. 1996). Various indicators, including
geomorphological, vegetation and pedological
ones, have been established for the classification of
serious, moderate and slight land desertification.
Using these indicators in combination with field
observations, the units of land desertification con-
sidering the three factors above were first identified
on the TM satellite images and then their area was
measured. Xu (2006) used the area percentage
(Rd) of desertified land of the total as the index of
anthropogenically induced environmental changes
and related it to the mean annual number (Dss) of
sandstorm days in this area (Fig. 4). A non-linear
relationship can be seen and all points may be fitted
with two straight lines with different slopes. For the
counties with Rd < 30%, Dss was basically un-
changed with the increase in Rd because the slope
approached 0. For the counties with Rd > 30%, Dss
increased sharply with Rd. The regression equation
is given in the figure and the correlation is signifi-
cant at the level of p < 0.01. The break in Fig. 4 is
a threshold related to the abrupt change of the cou-
pled human–land system of this area, indicating
that when the percentage of land desertification ex-
ceeds 30%, the frequency of sandstorms increases
abruptly. This catastrophic process may explain the
abrupt change between lines A and B in Fig. 2.
The small amount of natural vegetation in areas
with precipitation in the range of 250 mm to 300 or
350 mm (Fig. 3) is easily destroyed; therefore these
areas often have a high percentage of desertified
land, which can explain the 250–350 mm part of line
B in Fig. 2. The broad band of 5 to 10 sandstorm
days per year around line B in Fig. 2 can also be ex-
plained by a percentage of desertified land of less
than 30% or 40% as shown in Fig. 4. The low fre-
quency of sandstorms of <5 and even <3 sandstorm
days in the range 300–400 mm of precipitation
around line C (Fig. 2) may be regarded as a conse-
quence of a low percentage of desertified land.
Estimation of the width of the secondary 
sandstone zone
Based on the above analysis, we may make a rough
estimation of the distance of the shift from the orig-
inal sandstorm zone (belt A) to the secondary high-
frequency zone of sandstorms (belt B), which was
caused by human activities. The counties in the belt
labelled A in Fig. 2 are mainly located in the desert
area in Ningxia and Inner Mongolia, and the coun-
ties in ‘belt B’ are in the transitional zone from
semi-arid to sub-humid climates in Inner Mongolia
and Shaanxi and Shanxi provinces, an area located
in the middle Yellow River basin and known as a
major coarse sediment source of the Yellow River.
The points in belts A and B have been plotted in Fig.
5 in terms of latitude and longitude. It can be seen
that the two belts are longitudinally 4 to 5°C, and
the distance between the two lines is 350–500 km.
Hence, it seems clear that the reason that the high-
frequency zone of sandstorms has shifted 350–500
km to the south is mainly because of human activ-
ity, not because of climatic change. The history of
the formation of the Maowusu Desert confirms this.
Fig. 4. Relationship between the
annual number of sandstorm days
(Dss) and the percentage of land de-
sertification (Rd) (Xu 2006)
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The long-distance shift of the sandstorm zone oc-
curred during a long period of time; it can be related to
the formation of the Maowusu Desert, which occurred
as a result of vegetation destruction and the expansion
of waste-land cultivation (Editorial Commission for
Physical Geography in China 1982). The Maowusu
Desert, located in the southwest of Inner Mongolia and
the northwest of Shaanxi Province, is the main part of
the secondary sandstorm zone. Historically it was
formed under the influence of human activities as well
as of climate change. Many anthropogenic relics have
been found in this desert, and have been dated to the
Qing Dynasty (AD 1644–1911), the Ming Dynasty (AD
1368–1644) the New Stone Age. The distribution of
these relics is rather regular, i.e. the older the relics are,
the farther northwest they are located in the desert. Thus
the limit of relics with dates from the Han Dynasty (206
BC – AD 220) is located farthest to the northwest, the
limit of relics dated to the Tang Dynasty (AD 618–907)
is found next, with relics dated to the Song Dynasty (AD
960–1279) then being found, whereas relics dated to
the Ming Dynasty are located at the most southeastern
edge of the Maowusu Desert (Editorial Commission
for Physical Geography in China 1982). This rather
regular change reflects the time process in which the
desert formed. According to even older historical docu-
ments, during the Qin (221–206 BC) and Han Dynasties
the Maowusu Desert was in an area with well-devel-
oped agriculture and animal husbandry. After the
founding of the Tang Dynasty, some new administra-
tive areas were set up in southern Maowusu for station-
ing troops to developing the waste-land. As a result, the
vegetation was destroyed. During the mid- and late
Tang Dynasty, wars occurred frequently during which
forest was burned. Superposed on the background of a
dryer climate (Editorial Commission for Physical Geo-
graphy in China 1982), such human activities led to
rapid expansion of desertification. In the Ming and
Qing Dynasties, desertification extended further to the
southeast. In the southeastern part of the Maowusu
Desert, annual precipitation is 400–500 mm which is
higher than that in the northwest part. However, there
are more moving dunes in the southeast part than in the
northwest, indicating that human activities, rather than
climate change, are the main factor causing desertifica-
tion there (Editorial Commission for Physical Geogra-
phy in China 1982). From the above discussion, it can
be concluded that the formation of the secondary high-
frequency zone of sandstorms in the Maowusu Desert
has taken about 1000 years (since the Tang Dynasty).
At the same time, because of vegetation destruc-
tion and northward expansion of agricultural areas,
soil erosion has increased. Consequently, many
patchy areas of sand-on-loess formed in the north-
west Shaanxi and north Shanxi provinces. These
areas, which contribute to the formation of sand-
storms, also belong to the secondary high-frequen-
cy zone of sandstorms.
Conclusions
(1) Based on an analysis of the relationship be-
tween the mean annual number of sandstorms
and of precipitation, an original sandstorm
zone and a secondary high-frequency zone of
sandstorms have been found. The latter formed
as a result of human activities such as vegeta-
tion destruction and waste-land cultivation.
Fig. 5. Spatial distribution of orig-
inal and secondary sandstorm
zones in the Loess Plateau area
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The secondary sandstorm zone is located up to
350–500 km away from the original sandstorm
zone, indicating that the sandstorm zone in the
Loess Plateau area has shifted 350–500 km to
the southeast.
(2) An abrupt change between the original sand-
storm zone and the secondary high-frequency
zone of sandstorms has been found in the area
with a mean annual precipitation of around 270
mm. This area can be regarded as an abnormal-
ly unstable area.
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